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ABSTRACT

A study on the stitch welding by using Nd:YAG laser

of high strength steel sheet in automobile

Jae—-Seon Chu

Advisor : Prof. Han—-Sur Bang, Ph.D.
Department of Naval Architecture
And Ocean Engineering

Graduate School of Chosun University

Application for laser welding have increased steadily in recent years
due to its benefits such as high speed, high productivity and high density
energy heat source. In this article these advantages of the laser welding
has been considered for Nd:YAG laser stitch welding as a substitute for

spot welding of lightweight car body plates.



Optimized parameters for Nd:YAG laser stitch welding have been
determined comparing the economical and mechanical characteristics to
match with the currently used spot welding characteristics.

A Finite Element based numerical comparison of thermal distribution
in both the welding process has also been made in this study. Based on
this calculated thermal history elasto—plastic thermal residual stress
analysis has been carried out. The obtained numerical result are then

compared with the experimentally measured value and found acceptabile.
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Table 2.1 Chemical properties of base metal(wt%)

C Si Mn P S

0.0006 0.02

0.004 0.140 0.076

Table 2.2 Mechanical properties of base metal

Yield Strength Tensile trength | Young's Modulus | Elongation
21.4 kg/mm? 35.5 kg/mm? 20000 kg/mm? 41%
Table 2.3 Spot welding parameters
Electrode force | Welding current | Squeeze time | Welding time | Holding time
180Kgf 9KA 30Cycle 15Cycle 10Cycle
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Laser power

Focal depth

Welding speed
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3.0KW
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2.5 m/min

Argon 154/min
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Fig. 2.7 Single-=Spot Welding

Fig. 2.8 Multi-Spot Welding
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Fig. 2.9 Nd:YAG Laser Welding

After 0.25sec After 0.60sec

Fig. 2.10 Nd:YAG Laser Stitched Welding
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Fig 1. Single spot welded specimen geometry for tensile—shear test

Table 1. Chemical properties of base metal{wt%)

C Si Mn P S

0.0006 0.02 0.004 0.140 0.076

Table 2. Mechanical properties of base metal

Yield Strength | Tensile Strength [Young's Modulus Elongation

21.4 kg/mm? 35.5 kg/mm? 20000 kg/mm? 41%
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Table 3. Spot welding parameters

Welding Squeeze
Electrode force Welding time |Holding time
current time
180, 200, 10, 15,
8~11KA 30Cycle 10Cycle
220Kgf 20Cycle

Fig. 2 2 Jig8 180, 200, 220Kgf OIM S&EAIZE 2 10, 15,

20cycle It ¥F7E 6~11KA 2 EHAZ 2 3 M AEBEE HE TN
CIRTLAEES AAS ZH0IH STAT 6, TKA 2 AEH ol

= oted 220Kgf, ST AIZE 10, 15cycle 2 11KA OIA, UDHA &

it}
P
S

SlAs SHEF 10KAUWAH ATHE Db LA3ACH
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Tensile-shear strength(MPa)

N
[=]
o

11 Welding current(KA)

~#-180kgf 15cycle
- 180kgf 20cycle
-3¢~ 200kgf 10cycle
~¥—200kgf 15cycle
~a—200kgf 20cycle
~tew 220kgf 10cycle
—220kgf 15cycle
e 220kgf 20cycle

Fig 2. The tensile test results of single—spot joint

Table 4. Optimal spot welding condition

Welding
Electrode force Squeeze time| Welding time |Holding time
current
180 Kgf 9 KA 30 Cycle 15 Cycle 10 Cycle
st =2 CEGI=ES 20l XHE HE6IH 422 HEZ 2ES

= Table 4 2 &
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4.3 Nd:YAG cllOld 28

S EHl= 3KW 2 Nd:YAG Laser 8J|2 0|20t0{ Laser Power,
Welding Speed € ¥ 42 IR 2, Focal Depth = +1mm, Sheild Gas =
Argon 154/min 2 oIR L SEXAHE Table 5 0l LIEFHHACTH. EH

HISAEHS 22 RACHH AMXES Sl HFEFXHS dFGHUCH

Table 5. Laser welding parameters

Laser power Focal depth Welding speed Shielding gas
1.0~3.0 m/min
2.0, 2.5, 3.0 KW +1 mm Argon 154/min
(0.5 4 =}
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A e u e a W e e d wm g e o

A

——

100mm
Fig 3. Laser welded specimen geometry for tensile test

: L=10mm, 15mm, 20mm

Nd:YAG dIOId S8&Fa HIESFZFXH dFe 2HESLYU0 ZOolLs
ZHEUNN SER0U 21282 STZE0l 2= &8 KW, B8EsSE
2.5m/min & SHGIYU2H Table 6 I 7 2 A& EZ¥TAY SR
HEAENR SHRE2 EWEL
Table 6. Optimal laser welding condition
Laser power Focal depth Welding speed Shielding gas
3.0KW +1 mm 2.5 m/min Argon 154/min
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Table 7. Bead shape and cross section of Nd:YAG laser welds

Welding Speed

Top bead

Bottom bead

section

1.0m/min

2.0KW

1.5m/min

2.0m/min

1.5m/min

2.5KW

2.0m/min

2.5m/min
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3.0KW

2.0m/min

2.5m/min

3.0m/min
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EY X2

Nd:YAG clOIMEEXALZ
30%100*x1Tmm =J12 Al &0l

ST UFAEE AAIE

et 20ICt.

Table 8. Spot and laser welded specimen after tensile—shear test

Laser Weld 10mm

Laser Weld 15mm

Laser Weld 20mm
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Fig. 4 Result of tensile test in Nd
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Fig 5. Specimen geometry for tensile test ; P=60mm
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120 ——Multi-spot

- Laser stitch 40mm
—=—Laser stitch 50mm|
~~Laser stitch 60mm)

Tensile-Strength(MPa)

100

80

Fig. 6 Results of tensile test in Multi-spot & Laser stitch weld

Figee= SEEST N S8 AEEN 22 ol 8= 10mm, 15mm,

H
E

Bhal
8

Toasile stngth(MPal

Tensie SwenammMER)
8

H
2

S

8

B3P0l weld BLisser weld 10nun Olaser weid 15om DU wekd i BMullispol  BLaser SUch B0 GLaser stitch 60nm

Fig 5. The tensile—shear test results

(a) Single spot : 242.4MPa (b) Laser 10mm : 224 .5MPa (c) Laser 15mm : 263.7MPa

(d) Laser 20mm : 341.6MPa

(1) Multi spot : 115.8MPa (2) Laser stitch 50mm : 136.4MPa(3) Laser stitch 60mm : 123.4MPa
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Table 9. Multi-spot and laser welded specimen after tensile test

Multi-spot weld Laser stitch weld

Laser stitch weld Laser stitch weld
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Appendix

Fig b= 2 8B4 H4EEE, Nd:YAG Laser &, OXIJF 60mm
ol CtE=2%, Nd:YAG Laser stitch &0l CHst QIZAIE ZDE LIEHH

Sl EE0l .

Single — spot weld : 180Kgf, 10cycle, 9KA
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spot weld : 180Kgf, 10cycle, 10KA

spot weld : 180Kgf, 15cycle, 8KA
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Single — spot weld : 180Kgf, 15cycle, 9KA
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Single — spot weld : 180Kgf, 20cycle, 9KA
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Single — spot weld : 180Kgf, 20cycle, 10KA
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spot weld : 200Kgf, 10cycle, 9KA
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Single — spot weld : 200Kgf, 15cycle, 9KA
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Single — spot weld : 200Kgf, 20cycle, 8KA

L e

Single — spot weld : 200Kgf, 20cycle, 9KA
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Single — spot weld : 220Kgf, 10cycle, 9KA
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Single — spot weld : 220Kgf, 15cycle, 8KA
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Single — spot weld : 220Kgf, 15cycle, 11KA
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Single — spot weld : 220Kgf, 20cycle, 8KA

Single — spot weld : 220Kgf, 20cycle, 10KA
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Nd:YAG laser weld : L=20mm
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Nd:YAG laser stitch weld : P=60mm
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